Falls are common among older people (1, 2) and are responsible for considerable morbidity, immobility, and mortality. More than 30% of persons 65 years or older, and more than 50% of those over the age of 85 experience one or more falls per year (1, 3-6). Both the frequency of falling and the incidence of injurious falls are far higher among nursing home residents than among communitydwelling older adults (7-9). The causes of falls among nursing home residents are complex and multifactorial, and a high number of different risk factors seems to contribute to the high incidence of falls in these settings (3). Assessments which adequately discriminate between individuals at high and low risk of falling are important, both for interventions aiming at fall prevention and for those aiming at fracture prevention in falls. So far, there are no assessment tools that stand out as "gold standards" for predicting falls in the nursing home setting (10), and few have been developed for predicting falls among older adults in such settings (11, 12) . According to Oliver et al. (13), assessment tools should be validated in prospective studies; analysis of sensitivity and specificity should be applied, and they should be tested in more than one population. In addition,
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INTRODUCTION
Falls are common among older people (1, 2) and are responsible for considerable morbidity, immobility, and mortality. More than 30% of persons 65 years or older, and more than 50% of those over the age of 85 experience one or more falls per year (1, (3) (4) (5) (6) . Both the frequency of falling and the incidence of injurious falls are far higher among nursing home residents than among communitydwelling older adults (7) (8) (9) . The causes of falls among nursing home residents are complex and multifactorial, and a high number of different risk factors seems to contribute to the high incidence of falls in these settings (3). Assessments which adequately discriminate between individuals at high and low risk of falling are important, both for interventions aiming at fall prevention and for those aiming at fracture prevention in falls. So far, there are no assessment tools that stand out as "gold standards" for predicting falls in the nursing home setting (10), and few have been developed for predicting falls among older adults in such settings (11, 12) . According to Oliver et al. (13) , assessment tools should be validated in prospective studies; analysis of sensitivity and specificity should be applied, and they should be tested in more than one population. In addition, they should have good face validity, inter-rater reliability, and compliance by staff, and be clear and easy to administer. It is a challenge to develop a screening tool which fulfil all these criteria. To what extent formal risk assessment tools can contribute to simply using "staff judgement" of fall risk is also uncertain (11, (14) (15) (16) (17) (18) . Several studies have evaluated the accuracy of various types of fall risk assessments (12) . However, only a few have been carried out in relation to fall recording based on a prospective design in a nursing home population (11, (19) (20) (21) .
The purpose of this study was to determine the diagnostic accuracy of three different methods of identifying individuals at high risk of falling. The St-Thomas Risk Assessment tool (STRATIFY-modified for nursing homes), staff judgment of fall risk, and previous falls recalled by the staff were evaluated. We also examined whether a combination of two of them would increase accuracy, and evaluated the agreement between the three methods.
MATERIALS AND METHODS
A prospective observational cohort study was carried out within the framework of a hip protector trial in 18 Norwegian nursing homes (22) . All residents living permanently in these nursing homes between May 2005 and December 2006 were asked to participate. Data from nearly all residents admitted within the study period were captured (n=1236). A few may have been missed, due to the short time between hospitalization and either death or transfer.
The Regional Committee for Ethics in Medical Research approved the study. Written consent was obtained directly from residents who were considered cognitively competent. For cognitively impaired residents, a member of the staff gave consent on their behalf, which was in accordance with recommendations from the Regional Committee for Ethics in Medical Research. Competency to provide informed consent was ascertained from the nursing staff.
Prior to intervention, participants were assessed for baseline characteristics, including fall risk. The staff member most familiar with the resident was asked to do the screening. Falls occurring among participants were recorded prospectively throughout the observation period.
Fall risk assessment
Fall risk assessment included STRATIFY, staff judgment of fall risk, and previous falls recalled by the staff. STRAT-IFY was originally developed to predict falls among elderly hospital inpatients and showed good sensitivity and specificity in the original population (23) . We used a version modified for use in nursing homes (Guidelines for the prevention and management of falls in the elderly, www.laterlifetraining.co.uk/documents/DorsetHealthCare. pdf). STRATIFY consists of five questions: 1) Has the resident had a fall within the last 3 months? 2) Do you think the resident is agitated? 3) Do you think the resident is visually impaired to the extent that everyday function is affected? 4) Do you think the resident is in need of especially frequent toileting? 5) Do you think the resident has a transfer score and mobility score of 3 or 4? (based on the transfer and mobility items of the Barthel ADL index (24) ). The sum score in STRATIFY ranges from zero to 5. The sum score was retrospectively calculated by the project manager, and was concealed from the staff who kept the record. A sum score of two or more was used as the cut-off value between low and high risk. Staff judgment of fall risk was a non-formal risk assessment, in which staff simply used their own clinical experience and knowledge about the resident to classify their risk of falling (15) . Staff judgments of fall risk were grouped into 5 categories; How do you judge the residents risk of falling? 1) no risk, 2) very low risk, 3) small risk, 4) high risk, 5) very high risk. We used a cut-off value of four or more as high risk.
Fall definition and fall recording
A faller was defined as "a person who has fallen at least once in a given time period" (25) . A fall was defined as "any event when the resident, unintentionally and regardless of cause comes to rest on the floor" (26) . All falls occurring among participants were recorded from the time of inclusion to time of death, transfer, or end of study. The staff in each nursing home recorded falls prospectively on a specially developed fall documentation sheet soon after the occurrence of the fall.
Statistics
Statistical analyses were carried out with SPSS version 14.0. Differences between fallers and non-fallers were tested by the chi-squared test for categorical variables and independent sample t-test for means for continuous variables.
Diagnostic accuracy was evaluated in terms of sensitivity, specificity, and positive and negative predictive value as well as in terms of combining sensitivity and specificity into likelihood ratios (LR). The first fall was the reference standard. For these analyses, participants were observed for falls during a period of 30, 90 and 180 days. For the analyses for these three periods, we included only those with more than 30, 90 and 180 days of observation, respectively. Sensitivity was defined as the percentage of fallers correctly identified as at high risk. Specificity was defined as the percentage of non-fallers correctly defined as at low risk. The positive predictive value was defined as the percentage of high-risk residents who had had one or more fall, and the negative predictive value was the percentage of low risk residents who did not fall. The positive likelihood ratio (LR+) was defined as sensitivity / (100 -specificity) and the negative likelihood ratio (LR-) as (100 -sensitivity) / specificity. LR+ greater than one meant that a positive test (high fall risk) was more likely to occur in residents with falls than in those
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without. LR+ less than one meant that a positive test was less likely to occur in residents with falls compared with residents without (27, 28) . LR-greater than one meant that a negative test (low fall risk) was more likely to occur in residents with falls than in ones without. LR-less than one meant that a negative test was less likely to occur in residents with falls compared with those without (27, 28) (LR+: >10= high probability, 5 to 10= moderate, 2 to 5= low, 1 to 2= none, or very low. LR-: <0.1= high probability, 0.1 to 0.2= moderate, 0.2 to 0.5= low, 0.5 to 1.0= none, or very low).
To be able to include all participants independent of observation time (n=1148), the predictive value of the three assessment methods was also analysed by means of Kaplan-Meier estimates, log rank test and Cox proportional hazard model, with time to first fall as the dependent variable. The proportional hazard assumption of the Cox model was checked. The first fall was defined as a failure. Deceased, transferred, or end of study were censorings. The number of observation days for fallers was calculated from the date of inclusion to the date of the first fall. For non-fallers, the number of observation days was calculated from the date of inclusion to the end of the study, or to the date the participant died or was transferred. For adjustment of nursing home as a confounder, we used nursing home indicators as covariates. The agreement between the three fall risk assessments was analysed by means of Kappa statistics, and a value higher than 0.60 was considered as good (29) .
RESULTS
Of the 1236 included residents, 71 from one nursing home were excluded due to a possible misunderstanding related to fall recording. We also excluded participants with missing information about the time of the first fall (n=17). Thus data from 1148 out of the 1236 participants was analysed in the present paper. Seven hundred and eightythree of the 1148 residents were included when the study started, and 365 were included continuously during the study period. Mean observation time was 368 days (SD=197 days).
Demographic characteristics and fall risk assessments of the 1148 participants and among fallers and nonfallers are listed in Table 1 . A larger proportion of fallers than non-fallers had a STRATIFY sum score of 2 or over, were assessed by staff to be at high risk of falling, *0=no memory at all, 1=large memory loss, 2=medium memory loss, 3=some memory loss, 4=no memory loss. + 0=not able to, 1=considerable problems, 2=medium problems, 3=some problem, 4=no problem.^0=very low functional ability, 20=high functional ability. § High risk resident was identified as being at high risk of falling in two of three methods. 
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and had had a previous fall in the previous last 3 months, as remembered by staff. Figure 1 shows the flow of participants included in analysis of sensitivity, specificity, predictive values and likelihood ratios at 30, 90 and 180 days after screening for fall risk. Forty-eight participants out of 1148 had less than 30 days of observation, and were excluded from the analysis at 3 months. One hundred and sixty-one participants had less than 90 days and 281 less than 180 days of observation, and were consequently excluded from the analysis at 90 and 180 days, respectively.
Five hundred and seventy (49.6%) of the 1148 par- 
Table 2 -Prognostic accuracy of "STRATIFY", "Staff judgment", "Falls in previous 3 months", and a "Combination of two of three methods" after 30, 90 and 180 days (95% CI).
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ticipants had one or more falls from the time of inclusion to the end of the observation period. Seventeen percent of the 1100 with more than 30 days observation time had one or more falls within 30 days. The same numbers for 90 (n=987) and 180 (n=867) days were 28% and 38%, respectively. Table 2 shows the sensitivity, specificity, positive and negative predictive value and likelihood ratios for the various assessment methods at 30, 90 and 180 days after assessment. Compared with 30 days, sensitivity decreased for all three methods after 90 days, and decreased still further after 180 days. Specificity increased for all three methods. "Staff judgment of fall risk" was the single assessment method showing the highest sensitivity but the lowest specificity in all 3 observation periods. The percentages of residents assessed to be at high fall risk and with falls within 30 days ranged from 31% to 35%, and the percentage of those assessed as at low risk without having falls was more than 90% for all three methods. A combination of two of the three methods had higher sensitivity but lower specificity. The LR+ for the 3 methods was between 2 and 3 and the LR-between 0.4 and 0.6, indicating that LR+ was low and LR-was low or even very low.
The relative risk of sustaining at least one fall was significantly different between those assessed at high and low risk in all three assessment methods (log rank test <0.001). The Kaplan-Meier estimates are shown in Figure 2a-c . For all methods, much of the difference between the two groups occurred within a short time after inclusion. The higher the STRATIFY sum score and the higher risk of falling as assessed by "staff judgment", the higher probability of sustaining a fall (Fig. 3a-b) . Table 3 shows the Cox regression analysis of the probability of having at least one fall in unadjusted and adjusted models. The relative risk was 2.9 for those assessed at high compared with low risk of falling by "staff judgment", 2.4 times higher among those assessed at high compared with low risk according to STRATIFY, and 3.0 times higher among those who had had a fall compared with those who had not within the previous three months. The adjusted analysis did not change the result markedly. Looking at each single item in STRATIFY, previous falls were the strongest predictive factor, and only questions 1, 2 and 5 remained significant in the adjusted model. In other studies, fall history has been identified as a strong single predictor for subsequent falls (11, 20, 30, 31) .
The match between staff judgment of fall risk, STRAT-IFY and previous falls recalled by staff is shown in Table  4 . None of the Kappa values exceeded 0.62 (29) , which indicates that participants classified at high and low risk were not identical in the three methods. However, the numbers of unpredicted falls with any of the tools within 30, 90 and 180 days were 7, 20 and 30, respectively. These falls did not differ in location or time with respect to predicted falls. 
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DISCUSSION
The purpose of this study was evaluation of the diagnostic accuracy of three methods for identifying nursing home residents who will sustain falls. Although other studies have reported the accuracy of these methods in different settings, this is the first large prospective study carried out in nursing homes comparing the accuracy of the three methods for assessing fall risk.
The whole point of a test is to know what probability that test has of giving the right diagnosis (32) , and if it can give information beyond clinical evaluations (33) . All three methods used for assessing fall risk here were easy to administer and none was time-consuming. Of the three methods, STRATIFY is probably the most time-consuming. We have shown that STRATIFY (modified for use in nursing homes), staff judgment of fall risk, and previous falls recalled by staff did not differ significantly in their ability to identify correctly residents as being at low or high risk. Within 30 days of assessment, the number of fallers correctly identified as being at high risk of falling varied from 65% to 72%, and the number of non-fallers from 69% to 75%. As may be expected, sensitivity decreased after 90 days and even more after 180 days, whereas specificity increased within the same time interval in all Very high risk 0.00 100.00 200.00 300.00 400.00 500.00 600.00
Observation time in days 0.00 100.00 200.00 300.00 400.00 500.00 600. Has the resident had a fall in the previous 3 months? STRATIFY-2= Do you think the resident is agitated? STRATIFY-3= Do you think the resident is visually impaired to the extent that everyday function is affected? STRATIFY-4= Do you think the resident is in need of especially frequent toileting? STRATIFY-5= Do you think the resident has a transfer -and mobility score of more than 3 or 4? Table 3 -Cox regression of probability of sustaining a fall during observation period in unadjusted and adjusted models*.
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three methods. The number of true positives for falls within 30 days varied from 31% to 35%, but increased after 90 and 180 days. The number of true negatives within the same period was more than 90%, but decreased after 90 and 180 days. For falls within 30 days, the number of false positives was high, but that of false negatives was low. The number of false positives decreased after 90 and 180 days, whereas the number of false negatives increased. The LR+ for the three methods was between 2 and 3 and the LR-between 0.4 and 0.6, which is regarded as low and very low, respectively (34) . Kaplan-Meier estimates and log-rank tests showed that the relative risk of sustaining a fall was significantly different between those assessed as at high or low risk of falling in all assessment methods. The relative risk of sustaining a fall increased with the number of risk factors in STRATIFY and the higher risk of falling as assessed by staff. These results support the assumption that the risk of falling increases as the number of risk factors increases (35, 36) . One question, when analysing data from diagnostic tests or risk assessments, is to decide how accurate the test should be in order to be of clinical value, and to know to what extent a particular test result predicts the risk of disease (37) . Sensitivity and specificity describe the behaviour of tests, when disease status is known. Predictive values give probabilities of disease for particular test results, but depend on the prevalence of abnormality in the sample. Predictive values can rarely be generalized beyond the study (37) . Likelihood ratios allow us to assess the influence of a test result on the odds that a patient will have a disease (38) , and is regarded as more useful to clinicians than sensitivity and specificity (38) . Generally, a perfect test should have accuracy of 100%, although no test used in clinical practice can be expected to demonstrate this level of accuracy. The multifactorial causes of falls and predictions of a future event are complicating factors in fall risk assessments. The criteria for high accuracy of fall risk assessment tools are not well established. Oliver et al. (13) suggest 70% as a cut-off for high sensitivity and specificity. Only staff judgment of fall risk achieved sensitivity and specificity of approximately 70% which, according to Oliver et al. (13) , is regarded as clinically useful. A combination of two of them achieved sensitivity of more than 80%.
Use of a formal risk assessment tool did not add any contribution to simply using staff judgment or previous falls remembered by staff. This matches the results of other studies (11, (14) (15) (16) (17) (18) . The sensitivity and specificity of staff judgment in the present study was at the same level as that reported by Lundin-Olsson et al. (11) , who found sensitivity of 60% and specificity of 71% for staff judgment of fall risk after 6 months (11). For fall history, the same numbers were 52% and 75%, respectively. Nordin et al. (20) found sensitivity for staff judgment of fall risk of 56% and sensitivity of 80% after 6 months. Myers et al. (14) , using staff judgment of fall risk in an aged care and rehabilitation ward, found sensitivity, specificity, and positive and negative predictive values to be 88%, 26%, 18% and 92%.
The diagnostic accuracy of STRATIFY has been tested in several studies. However, the good diagnostic accuracy shown in the original population was not verified in other populations (39) (40) (41) (42) . The validity of STRATIFY has recently been studied in a nursing home setting (42) where 120 residents with a mean age of 74.5 years were followed for 13 weeks. It showed sensitivity and specificity of 52% and 74%, respectively at 5 weeks of observation time post-admission. The sensitivity and specificity of STRATIFY in that study remained stable after 3 months post-admission, with 50% and 76%, respectively. The sensitivity of STRATIFY declined with time after screening in our study, but in all 3 time periods was higher than that demonstrated by Wijna et al. (42) , but not as good as in the original population (23). Milisen et al. (40) validated STRATIFY in a hospital setting and found that sensitivity was moderate among those admitted to geriatric wards and those aged 85 or older (67% and 69%, respectively).
Fall risk screening of participants was completed only once in our study, i.e., at the time of inclusion, and was not repeated during the intervention period. The characteristics of residents in a nursing home setting may change quite fast. How often a risk assessment should be repeated is not clear. Our data showed that the number of fallers with positive tests was highest within 30 days of assessment. This indicates that screening for fall risk should be repeated regularly. However, further research is needed to define optimal frequency intervals (43) .
"Staff judgment of fall risk" is connected to the staff's clinical experience and knowledge, and accuracy has been shown to vary between levels of nurses (14) . Exactly what staff members include in their assessment of fall risk is unknown. Previous falls are probably important, but they are not the only factor. The moderate match between all three methods studied here indicates that staff in- 
clude factors other than those captured in STRATIFY, and factors other than "previous falls" when they classify residents fall risk. This finding matches that emphasized by Nordin et al. (20) .
The number of fallers and falls depends on the fall definition used (31) and the way falls are recorded (3, 44) . The fall definition used in this study was restricted to events when the resident came to rest on the floor, but included falls which may have occurred as a consequence of acute medical events or external forces. Using another topographical component, such as a "lower level", as proposed by Lamb et al. (45) , rather than the floor, would probably give a higher number of fallers and falls, and another result concerning the prognostic accuracy of assessment tools. Falls occurring because of an acute medical event or external forces are more difficult to predict. Consequently, including all falls, regardless of cause may have influenced our results negatively concerning the sensitivity, specificity and predictive value of the tools.
The strengths of our study were the prospective design and the high number of participants. In addition, the fact that staff kept fall records shortly after the fall provided accuracy of recorded falls and minimized the probability of recall bias. We were also able to evaluate the accuracy of the various methods within different periods, showing that sensitivity, specificity, predictive value and likelihood ratios changed over time. The fact that the sum score of STRATIFY was concealed for the staff who carried out the risk assessment decreased the possibility that the STRAT-IFY sum score influenced staff judgment of fall risk.
The study has some limitations. First, although no formal fall prevention interventions were implemented, we cannot exclude the possibility of a larger focus on fall prevention when falls and fracture risk were the topic of the hip protector study. This may have resulted in a lower number of falls and fallers. However, the nursing home staff were asked not to change their usual routine of fall prevention during the study period. Second, studying interobserver agreement for the three methods was not within the scope of our study and the agreement between different observers is not known. The items in STRATIFY are prone to subjective evaluation, which compromises reproducibility between observers (41). The inter-observer agreement of STRATIFY has been reported to range from 0.742 (Cohen's Kappa) (39) to 0.78 (ICC) (41) , which is regarded as good (46) . "Staff judgment of fall risk" is by nature subjective, and dependent on clinical experience and knowledge. "Falls in the previous 3 months" is an objective measure, but may be prone to recall bias.
It should be emphasized that the instruments used in the present study are meant for fall risk screening. These global scores cannot lead to specific fall prevention interventions, but may be useful in identifying residents who are in need of more comprehensive assessment of fall risk or who need a hip protector.
Our study population was similar in its age and gender to that of Norwegian nursing home residents in general (47, 48) . However, any generalizations to other nursing homes generally must be made with caution, because of our study setting, and because the nursing homes were not a random sample from all nursing homes in Norway.
CONCLUSIONS
The three methods evaluated here did not differ markedly in their ability to differentiate between fallers and non-fallers. Of the three methods, staff judgement of fall risk was the single risk assessment method showing the highest sensitivity. Use of a formal risk assessment tool such as STRATIFY did not improve diagnostic accuracy. The risk of sustaining a fall increased significantly with the number of risk factors in STRATIFY and with the higher degree of fall risk as assessed by staff. The match among the three methods was moderate, which indicates that they captured different risk factors for falls.
